In general, the mechanical and physical properties of a crystal depend on the direction of the crystal axis. The controlled development of the crystallographic texture in ceramics is very useful for improvement of their properties. The preparation of the textured SiC polycrystal was achieved by colloidal processing in a strong magnetic field. The c-axis of the SiC was parallel to the direction of the applied magnetic field. The bending strength of the textured SiC depends on the crack-growth direction.
Introduction
Silicon carbide is one of the most important ceramics used as a structural and functional material in a wide variety of applications. Many studies have reported the control of its microstructure and improvement of the sinterability, mechanical properties and other properties using many kinds of additives. [1] [2] [3] [4] [5] Colloidal processing is generally able to control the dispersion of powders in a suspension and to produce a fine and dense microstructure. Several studies have reported that the sinterability and the mechanical properties of the SiC were improved by colloidal processing. [6] [7] [8] [9] [10] In general, the physical properties of a crystal depend on the direction of the crystal axis. Tailoring of the crystallographic texture in ceramics is very useful for the development of their properties. Many studies have reported the production of textured ceramics, such as by hot forging 11) and the Templated Grain Growth (TGG) method. 12, 13) Application of the TGG method to the polycrystal SiC has also been reported. 14) The mechanical properties of SiC single crystals depended on the crystal planes. 15) More recently, the process of controlling the texture by a strong magnetic field has been reported for a variety of materials. [16] [17] [18] [19] [20] [21] A strong magnetic field was applied to particles in stable suspensions during the consolidation process. The particles were rotated to an angle minimizing the system energy by a magnetic torque generated from the interaction between the magnetic anisotropy and the applied magnetic field. The magnetic torque, T, attributed to the interaction between the anisotropic susceptibility and the applied magnetic field is estimated using eq. (1). 23, 24) T
where Á, (¼ j == À ? j) is the anisotropy of the susceptibilities, which are measured in the direction parallel ( == ) and perpendicular ( ? ) to the c-axis in the tetragonal and the hexagonal crystal systems, V is the volume of each particle, 0 is the permeability in a vacuum, B is the applied magnetic field and is the angle between the easy magnetization axis in a crystal and the imposed magnetic field direction. This is the driving force for magnetic alignment. The aligning direction of the crystal axis depends on the easy magnetization axis.
However, it is generally difficult to effectively apply a magnetic field in order to rotate fine diamagnetic particles, since fine particles tend to spontaneously agglomerate due to their strong attractive interactions (van der Waals forces). It is necessary to colloidally disperse the particles in a liquid in order to effectively utilize a magnetic field to rotate the particles due to reduction of the attractive interaction between the particles.
We demonstrate in this paper that control of the crystallographic texture in a polycrystalline SiC was achieved using the colloidal processing and a strong magnetic field, after which the bending strength was measured.
Experimental Procedure
A commercially available silicon carbide powder (OY-20, Yakushima Denko Co., Ltd., Japan) and alumina powder (TM-DAR, Taimei Chemicals Co., Ltd., Japan) with the average particle sizes of 0.55 mm and 0.15 mm, respectively, were used as the starting materials. Aqueous suspensions of pH 10 were prepared that contained 30 vol% solids; the solids consisted of SiC that included 5 mass% Al 2 O 3 as a sintering aid. The pH of the suspensions was adjusted using tetramethylammonium hydroxide (25 mass% in methanol). The suspensions were ultrasonicated for 10 min and stirred for more than 4 h. The suspensions were then consolidated by slip casting after an evacuation in a vacuum desiccator to remove as many air bubbles as possible. A strong magnetic field of 12 T was applied to the suspension during the slip casting at room temperature. The direction of the magnetic field was parallel to the casting direction. For comparison, some samples were prepared by slip casting without applying a magnetic field. The green compacts were densified isostatically so as not to disturbing the particle orientation by cold isostatic pressing (CIP) at 392 MPa for 10 min and then isothermally sintered at 2473 K for 2 h in an Ar atmosphere under ambient pressure.
Aqueous suspensions of SiC containing both 5 mass% Al 2 O 3 and 5 mass% Y 2 O 3 as the sintering additives were also prepared. The above-described Al 2 O 3 and Y 2 O 3 (C. I. Kasei Co., Ltd., Japan) with the average particle size of 0.03 mm were used. The green SiC compacts were hot-pressed at 2173 K for 2 h at a pressure of 40 MPa in an Ar atmosphere to The bending strength of the specimens, 3 mm in width and 3 mm in height, was measured at room temperature using the 3-point bending test with a span length of 16 mm and a crosshead speed of 0.5 mm/min. In the textured sample the tensile surface was either parallel or perpendicular to the magnetic field. Each of the strength data of the textured and the untextured sample was an average of three measurements. Figure 1 illustrates the X-ray diffraction (XRD) profiles of the specimen produced by slip casting without applying a strong magnetic field, followed by pressureless sintering at 2473 K for 2 h in an Ar atmosphere. The T and S planes are perpendicular and parallel to the casting direction, respectively. The specimen prepared without exposure to a magnetic field was confirmed to have a randomly oriented polycrystalline structure. By comparison, in the specimens exposed to a strong magnetic field, as shown in Fig. 2 , the reflection at 2 ¼ 35:6 is extremely high in the VT-plane perpendicular to the applied magnetic field and the 110 reflection is every high in the VS-plane parallel to the magnetic field. The reflection at 2 ¼ 35: 6 can be assigned to the Miller indices of 102 and 006. The inter-planar angle between the (102) plane and the basal plane is 70. 6 , and the 006 plane is the basal plane. Considering that the 110 reflection perpendicular to the basal plane is high only in the VS-plane, the reflection at 2 ¼ 35: 6 in the VT-plane can be attributed to almost only the 006 reflection. This demonstrates that a crystalline texture with the c-axis parallel to the magnetic field had been developed by colloidal processing in a strong magnetic field. T. S. Suzuki, T. Uchikoshi and Y. Sakka magnetic field, followed by pressureless sintering at 2473 K for 2 h in an Ar atmosphere. There are many pores in both these specimens sintered by the pressureless sintering. The equiaxed grains appear randomly distributed in the untextured SiC prepared without a magnetic field, as shown in Fig. 3(a) . Figs. 3(b) and (c) are the surfaces of the textured SiC perpendicular and parallel to the magnetic field, respectively. In Fig. 3 (b) , the equiaxed grains are observed on the surface perpendicular to the magnetic field. By comparison, the slightly elongated grains are aligned perpendicular to the magnetic field in Fig. 3(c) . Both these microstructural observations from the 2 directions show that the platelet grains are oriented perpendicularly relative to the magnetic field. In order to densify the green SiC compacts, Y 2 O 3 was additionally used as a sintering aid and the green compacts were sintered by hot-pressing. Figure 4 shows the microstructures of the SiC sintered at 2173 K for 2 h by hotpressing. Fig. 4(a) is the surface parallel to the casting direction in the SiC prepared without applying a magnetic field. Fig. 4(b) is the surface parallel to the magnetic field in the SiC prepared in a magnetic field. The dense microstructures were achieved in the hot-pressed samples, and both of the SiC prepared with and without applying a magnetic field consisted of equiaxed grains. Figures 5 and 6 are the X-ray diffraction (XRD) profiles of the specimens sintered by hot-pressing. In Fig. 5 , both of the profiles showed good agreement with each other, which were taken from the top and side surfaces, perpendicular and parallel to the casting direction without a magnetic field, respectively, this graph confirms that a silicon carbide sample prepared without using a magnetic field has a randomly oriented polycrystalline structure. This shows that the crystalline texture did not originate in the sintering by hotpressing. In Fig. 6 , which shows the XRD of the surface perpendicular to the magnetic field (VT), the intensity of the reflection at 2 ¼ 35:6 is very high. In contrast, on the surface parallel to the magnetic field (VS), the intensity of the 110 reflection is very high. This XRD profiles show the same tendency of the specimen prepared by pressureless sintering at 2473 K (Fig. 2) . Therefore, the crystalline texture in the hot-pressed sample was developed by the strong magnetic field, and we succeeded in producing a dense and textured SiC. However, a variety of reflections remained on the surface parallel to the magnetic field in the hot-pressed SiC (VS in Fig. 6) , consequently, the degree of crystalline orientation of the hot-pressed SiC seems to be inferior to that of the SiC produced by the pressureless sintering at 2473 K. This degradation in the orientation was attributed to the suppression of the grain growth due to the lower sintering temperature. We have reported for other systems that the development of the crystallographic orientation has a close relationship to the microstructure; i.e., grain growth improves the orientation degree. [16] [17] [18] 25) As for another reason, the dispersion state could be changed in a suspension due to the additional use of Y 2 O 3 particles as a sintering aid. Thus this dispersion state prevented the SiC particles from rotating in the suspension. As regards the dense SiC prepared using Al 2 O 3 and Y 2 O 3 as the sintering additives and hot-pressing at 2173 K for 2 h at a pressure of 40 MPa, the 3-point bending strengths were 907 and 799 MPa for the crack-growth directions parallel and perpendicular to the c-axis in the textured SiC, respectively, and for the random SiC, the strength was 724 MPa. The bending strength for the crack-growth direction parallel to the c-axis was higher than that perpendicular to the c-axis. The SEM observations of the fracture surfaces (Fig. 7) show that the fracture mode of the texture and the randomly oriented SiC was a mixture of intergranular (majority) and intragranular (minority) fractures regardless of the crack-growth direction. The deference between each fracture surface was not clear, thus it is difficult to explain the cause of the dependence of the strength. More research of this point needs to be done.
Results and Discussion

Summary
Control of the crystallographic orientation in polycrystalline SiC was achieved using a magnetic field, and the c-axis of the SiC crystal was parallel to the magnetic field. A dense and textured SiC can be produced using additional sintering aids and hot-pressing. Grain growth enhances the crystallographic orientation and the production of the platelet grains. The bending strength depends on the crack-growth direction. 
